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$EVWUDFW
7KH WXUEXOHQW IOXLG IORZ WKURXJK VXGGHQ H[SDQVLRQ SDVVDJH KDV ERWK IXQGDPHQWDO VFLHQWLILF LQWHUHVW DQG QXPHURXV SUDFWLFDO










7KH WXUEXOHQW IOXLG IORZ WKURXJK DQ D[L V\PPHWULF VXGGHQ H[SDQVLRQ LV D YHU\ VLJQLILFDQW LQ UHVSHFW RI ERWK
IXQGDPHQWDO DQG SUDFWLFDO VWDQGSRLQW $V IORZ WKURXJK VXGGHQ H[SDQVLRQV SOD\ D YLWDO UROH LQ HQJLQHHULQJ
DSSOLFDWLRQ LW KDYH EHHQ IRFXVHV RI QXPHURXV DQDO\WLFDO DQG H[SHULPHQWDO LQYHVWLJDWLRQV 7KH LPSRUWDQW ]RQH RI
VXGGHQH[SDQVLRQ LV UHFLUFXODWLRQDUHD LPPHGLDWHO\GRZQVWUHDPRI WKH VXGGHQH[SDQVLRQ6LQFH WKH UHFLUFXODWLRQ
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ILHOG LV YHU\ FRPSOH[ DQG LW FRQVLVWV RI IORZ VHSDUDWLRQ UHFLUFXODWLRQ UHDWWDFKPHQWV HWF $OO WKHVH IHDWXUHV DUH
DIIHFWHGE\WKHSDUDPHWHUVVXFKDVH[SDQVLRQUDWLRLQOHWYHORFLW\WHPSHUDWXUHLQOHWWXUEXOHQFHHWF7KHREMHFWLYHRI
WKH SUHVHQW LQYHVWLJDWLRQ LV WR LQYHVWLJDWH WKH HIIHFW RI LQOHW FHQWHUOLQH WXUEXOHQFH RQ UHFLUFXODWLRQ ]RQH $ EULHI
UHYLHZRQWKRVHFKDUDFWHULVWLFVKDVEHHQVXPPDUL]HG
$UPDO\et al >@LQYHVWLJDWHDERXWWKHGHSHQGHQFHRIWKHUHDWWDFKPHQWOHQJWKRQWKH5H\QROGVQXPEHU%DFNDQG
5RVFKNH >@ .UDOO DQG 6SDUURZ >@ H[SODLQHG UHFLUFXODWLRQ RQ WKH EDVLV RI FHQWHUOLQH WXUEXOHQFH ,Q WKHLU
H[SHULPHQWVWKH\KDYHVKRZQWKDWWKHVKHDUOD\HUSUHVHQWEHWZHHQWKHFHQWUDOMHWDQGWKHUHYHUVHIORZUHJLRQDORQJ
WKH GRZQVWUHDP ZDOO EHKDYH GLIIHUHQWO\ LQ YDULRXV IORZ UHJLPHV 'DJWHNLQ DQG 8QVDO >@ IRXQG WKDW QRQ
GLPHQVLRQDOL]HGUHDWWDFKPHQWOHQJWKDQGRUGLQDWHRIWKHHGG\FHQWUHYDU\OLQHDUO\ZLWKWKH eR 'XUUHWWHWDO>@DQG




 OLQHDU LQ UDQJH DQG H






E\ WKH WXUEXOHQFH GHJUHH DORQJ WKH FHQWHUOLQH RI WKH GXFW :LWK WKH LQFUHDVH RI WKH FHQWHUOLQH WXUEXOHQFH WKH
VHSDUDWLQJ VKHDU OD\HUJHWV HQHUJL]HG DQG DV D UHVXOW LW UHDWWDFKHV VRRQHU+HQFH LW LV REVHUYHG WKDW UHDWWDFKPHQW
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7KHSUHVHQWVWXG\LVDQDO\VHVWRQXPHULFDODQDO\VLVRIWKHWXUEXOHQWIOXLGIORZWKURXJKDQD[LV\PPHWULFVXGGHQ
H[SDQVLRQZLWKYDULDWLRQRIWXUEXOHQWLQWHQVLW\DWWKHLQOHWKDVEHHQFDUULHGRXWE\XVLQJPRGLILHG WXUEXOHQFH
PRGHO7KHFRQWUROYROXPH IRUPXODWLRQRI3DWDQNDU >@ZLWKSRZHU ODZVFKHPH LQDQRQXQLIRUPJULGKDVEHHQ
DGRSWHG IRU WKH VROXWLRQRI WKHDERYHPHQWLRQHG HTXDWLRQV7KH UHVXOWVKDYHEHHQ FRPSDUHGZLWK WKHEHQFKPDUN









3.1 Continuity Equation: 
                 
3.2 Axial component (x-component): 
       

3.3 Radial component (r-component): 
      
            
7KHHIIHFWLYHYLVFRVLW\LVJLYHQE\
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
7KH IROORZLQJ DUH WKH YDOXHV RI WKH HPSLULFDO FRQVWDQWV JLYHQ LQ VWDQGDUG Hk PRGHO DUH UHFRPPHQGHG E\
/DXQGHUDQG6SDOGLQJ>@

   
   
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3.6. Boundary Condition






























)RUWKHSUHVHQWDQDO\VLVZHWDNHWKHJHRPHWU\VKRZQDVLQ)LJ)RUWKLVFDVHXSVWUHDPUDGLXV ir  DQG
GRZQVWUHDPUDGLXV oR  PZKHWKHUXSVWUHDPOHQJWK iX DQGGRZQVWUHDPOHQJWK LX DUHPDQG




























)LJ  VKRZV WKH YDULDWLRQ RI D[LDO YHORFLW\ SURILOH IRU YDULRXV FHQWUHOLQH WXUEXOHQFHV )RU ORZHU FHQWUHOLQH
WXUEXOHQFH WKH YHORFLW\ SURILOH LV QRW IXOO\ GHYHORSHG ZKHUHDV LW EHFRPHV IXOO\ GHYHORSHG IRU KLJKHU FHQWUHOLQH
WXUEXOHQFH,WKDVEHHQVKRZQLQ)LJ WKDWZLWKWKHLQFUHDVHRIFHQWUHOLQHWXUEXOHQFHUHFLUFXODWLRQVL]HGHFUHDVHV
DQG WKXV WKH HIIHFW FDQ EH REVHUYHG DW WKH RXWOHWZKHUH WKH YHORFLW\ SURILOHV EHFRPHV IXOO\ GHYHORSHG IRU KLJKHU
YDOXHRIFHQWUHOLQHWXUEXOHQFH






)LJXUH  UHSUHVHQWV WKH YDULDWLRQRI UHDWWDFKPHQW OHQJWKZLWK FHQWUHOLQH WXUEXOHQFH ,W LV HYLGHQW WKDWZLWK WKH
LQFUHDVHRIFHQWUHOLQHWXUEXOHQFHUHDWWDFKPHQWOHQJWKJUDGXDOO\GHFUHDVHVDQGDIWHUDSDUWLFXODUFHQWUHOLQHWXUEXOHQFH




















>@ *'+XIIPDQ ' 5 =LPPHUPDQ:$ %HQQHWW 7KH HIIHFW RI IUHH VWUHDP WXUEXOHQFH OHYHO RQ WXUEXOHQW ERXQGDU\ OD\HU EHKDYLRXU
$*$5'$*






>@ 0 $ /HVFK]LQHU : 5RGL &DOFXODWLRQ RI DQQXODU DQG WZLQ SDUDOOHO MHWV XVLQJ YDULRXV GLVFUHWL]DWLRQ VFKHPHV DQG WXUEXOHQFHPRGHO
YDULDWLRQV-)OXLG(QJ
>@$.5XQFKDOO0DVVWUDQVIHULQYHVWLJDWLRQLQWXUEXOHQWIORZGRZQVWUHDPRIVXGGHQHQODUJHPHQWRIDFLUFXODUSLSHIRUYHU\KLJK6FKPLGW
QXPEHUV,QW-+HDW0DVV7UDQVIHU
>@693DWDQNDU1XPHULFDO+HDWWUDQVIHUDQGIOXLGIORZ0F*UDZ+LOO1HZ<RUN
>@6QHKDPR\0DMXPGHU'LSDQNDU6DQ\DO5HODPLQDUL]DWLRQRID[LV\PPHWULFWXUEXOHQWIORZZLWKFRPELQHGD[LDOMHWDQGVLGHLQMHFWLRQLQD
SLSH7UDQV$60(-)OXLGV(QJ±
>@50&6R,QOHWFHQWHUOLQHWXUEXOHQFHHIIHFWVRQUHDWWDFKPHQWOHQJWKLQD[LV\PPHWULFVXGGHQH[SDQVLRQIORZV([SIOXLGV

